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TURBOCHARGER 

Field of the Invention 

This invention relates to a turbocharger and to an impeller therefor. 
Background to the Invention 

5 Turbocharger impellers are typically formed of aluminium to provide low rota- 

tional inertia with reasonable strength at a commercially-acceptable cost. Attachment of 
the impeller to the steel turbocharger shaft is achieved in various ways, but because of the 
relative weakness of aluminium and the small diameter of the shaft, it is desirable to pro- 
vide the impeller with a steel insert containing a screw-threaded socket which can be 

10 threaded on to the shaft. This arrangement can take a higher torque than a connection in 
which the shaft is directly threaded into the aluminium body (the torque is proportional to 
the power transmitted across the joint, and so the impeller can be used at a higher pres- 
sure ratio than one in which there is a direct threaded connection). 

Typically, such an insert is fitted into the impeller by shrink fitting; the aluminium 

15 body of the impeller is heated to expand the bore which is to receive the steel insert, 
while the insert is cooled, for example using liquid nitrogen, before being inserted into the 
bore. The resultant interference connection is restricted by the temperature to which the 
aluminium can be heated before its material properties are affected, and by the tempera- 
ture to which the steel can be cooled. 

20 While the arrangement described can perform satisfactorily, a problem can arise 

during cycling of the turbocharger from rest to full load. As the turbocharger starts to 
spin, the joint is affected by centrifugal forces, whereby the aluminium grows outwards 
away from the steel insert. This reduces the force between the insert and the impeller, 
and due to design constraints it has been found that this reduction tends to be greater at 

25 one end of the insert than at the other. As a result, the insert is gripped more firmly at 
one of its ends than at the other. The turbocharger then starts to heat up, and because of 
the different thermal coefficients of expansion of the aluminium and the steel, the alumin- 
ium grows axially more than the steel, causing the two metals to slide over each other, 
except at the location where the impeller still grips the insert firmly. On shutdown, the 

30 centrifugal stresses are removed, but the thermal stresses remain for some minutes as the 
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turbocharger cools. In this process, the point of grip of the changes from one end to the 
other, and as the turbocharger cools, the insert "walks" along the impeller. 

In certain very cyclic conditions (for example fast ferry applications in high ambient 
temperatures), it has been observed that the impeller can move so far along the insert 
5 that turbocharger failure can occur. Although the effect can be mitigated to some degree 
by increasing the original interference between the components, for the reasons men- 
tioned hereinbefore this solution is limited, and it is therefore desirable to achieve a design 
which ensures that the point of grip remains at the same location during the operating 
cycles, rather than shifting from one end of the insert to the other. 
1 0 Summary of the Invention 

According to the invention, there is provided a turbocharger having an impeller 
formed of a first material mounted on a turbocharger shaft by means of an internally- 
threaded insert of a material of greater strength than the first material interference fitted 
into the impeller, and a constraining ring of a material having a lower coefficient of ther- 
1 5 mal expansion than the first material and surrounding at least a part of that axial length of 
the impeller which overlies the insert. 

Preferably, the impeller is formed of aluminium or an alloy thereof and the shaft, 
the insert and the ring are all formed of steel. 

Since the ring does not expand as much as the impeller body as the turbocharger 
20 heats up, the point of grip between the impeller and the insert remains within the ring 
during the whole operating cycle of the turbocharger, thereby preventing the tendency of 
the impeller to "walk" along the insert. As a consequence, the operating life of the tur- 
bocharger can be considerably extended in comparison with the conventional turbo- 
charger without the constraining ring. 
25 The constraining ring can be fitted on to the impeller body by heating the ring to 

permit it to be slid on. Cooling then causes the ring to grip. It will be seen that it is not 
necessary for the ring to exert a high compressive force on the impeller body; its function 
is to constrain expansion of the impeller relative to the insert either due to the effects of 
centrifugal stresses or to thermal expansion. Indeed, it is possible for the ring to have a 
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slight clearance on the assembly, exerting no significant grip. It would then be sufficient to 
warm the ring to allow it to slip over the impeller more easily on assembly. 

It has been found that an additional benefit of the use of the constraining ring is 
that the torque transmitting capability of the joint is increased. This has a major benefit to 
5 the rotating assembly, especially if the design is to be used in a mini turbine, where strong 
fault torques may be transmitted through the rotor shaft. 

The invention also provides an impeller for a turbocharger, comprising a body of a 
first materia! containing an internally-threaded insert of a material of greater strength than 
the first material, to be screwed on to a shaft of a turbocharger, in use, the body having 

10 mounted thereon ai constraining ring of a material having a lower coefficient of thermal 
expansion than the first material , the ring surrounding at least a part of that axial length 
of the impeller which overlies the insert. 
Brief Description of the Drawings 

In the drawings, which illustrate exemplary embodiments of the invention: 

1 5 Figure 1 is a sectional elevation through a turbocharger impeller, the lower part of 

the Figure illustrating a conventional impeller and the upper part of the Figure illustrating 
an impeller in accordance with the invention; and 

Figure 2 is an enlarged sectional view of a part of the impeller with another form 
of constraining ring fitted. 

20 Detailed Description of the Illustrated Embodiments 

Referring first to Figure 1 , an aluminium impeller 1 is fitted on to a steel turbo- 
charger shaft 2 by means of a steel insert 3. The shaft 2 is formed at its end with a first 
shoulder 4 surrounding a locating portion 5, and a screw-threaded portion 7 of further 
reduced diameter extending from the end thereof. The steel insert 3 is of generally cup- 

25 like shape, having a flange 8 around its mouth engaging against the end face 9 of the im- 
peller 1 and in turn being engaged on its other side by the shoulder 4 on the shaft 2. The . 
locating portion 5 of the shaft is received in the main hollow part 10 of the insert in a 
close, but not tight, fit. A threaded bore 1 1 extends through the end face 12 of the insert 
and engages on the screw-threaded portion 7 of the shaft. A circumferential recess 1 3 on 

30 the outer surface of the impeller body forms with the flange 8 of the insert 3 a groove 
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which can receive a sealing ring (not shown) to provide a rotating oil and pressure seal 
between the impeller and the casing in use. The conventional arrangement is represented 
by the lower half of the Figure. 

The upper half of the Figure shows the addition of a constraining ring 1 4 around 
5 the impeller body. The constraining ring is fitted on to the body by heating the ring to 
cause it to expand, and then slipping it on to the impeller where, on cooling, it grips the 
impeller in a position overlying and surrounding a portion of the interface between the 
insert and the impeller. This ensures that the grip between the impeller and the insert 
remains sufficient throughout the operating cycle of the turbocharger of which the impel- 
10 ler is a part to prevent relative movement therebetween under the influence of centrifugal 
or thermal stresses. 

Figure 2 illustrates in enlarged partially sectional view a preferred embodiment of 
the turbocharger impeller, in which those components which are essentially the same as in 
the embodiment shown in Figure 1 are given the same reference numerals and are not 

15 described again in detail. In this embodiment, the constraining ring 14 extends over sub- 
stantially the length of the connection between the insert 3 and the impeller 1 , and is pro- 
vided with a circumferential recess 15 in the outer surface thereof which, in conjunction 
with an oil thrower ring 1 6 mounted on the insert flange, defines a groove to receive a 
sealing ring 1 7 which serves to retain lubricating oil to the shaft side of the assembly (right 

20 hand in the Figure) and compressed air to the impeller side of the assembly (left hand in 
the Figure). The fitting of the constraining ring 14 is carried out after the. insert has been 
fitted into the impeller in conventional manner, as hereinbefore described. The ring 14 is 
slid on to the impeller at the desired position; it may be necessary to warm the ring first 
to facilitate this. The ring may be an interference fit or a running fit on the impeller, to 

25 constrain outward expansion thereof under thermal or centrifugal stresses, but it does 
not need to exert any stresses on the impeller in the start or cold state. The oil thrower 
ring 1 6 is then fitted on to the flange 8 of the insert 3 by shrink fitting, and may serve the 
additional function of preventing axial movement of the constraining ring when cold. The 
sealing ring 1 7 can be fitted on assembly of the shaft into the turbocharger, for example 
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in the manner of piston rings in an internal combustion engine. Alternatively, the sealing 
ring 1 7 is fitted before the oil thrower ring 1 6 is put in position. 
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CLAIMS 

1 . A turbocharger having an impeller formed of a first material mounted on a 
turbocharger shaft by means of an internally-threaded insert of a material of greater 
strength than the first material interference fitted into the impeller, and a constraining ring 

5 of a material having a lower coefficient of thermal expansion than the first material and 
surrounding at least a part of that axial length of the impeller which overlies the insert. 

2. A turbocharger according to Claim 1 , wherein the impeller is formed of 
aluminium or an alloy thereof and the shaft, the insert and the ring are formed of steel. 

3. A turbocharger according to Claim 1 or 2, wherein the constraining ring is 
10 substantially co-extensive with the interface between the insert and the impeller body. 

4. An impeller for a turbocharger, comprising a body of a first material con- 
taining an internally-threaded insert of a material of greater strength than the first mate- 
rial, to be screwed on to a shaft of a turbocharger, in use, the body having mounted 
thereon a constraining ring of a material having a lower coefficient of thermal expansion 

1 5 than the first material , the ring surrounding at least a part of that axial length of the im- 
peller which overlies the insert. 

5. An impeller according to Claim 4, wherein the body of the impeller is 
formed of aluminium or an alloy thereof and the insert and the ring are formed of steel. 

6. An impeller according to Claim 4 or 5, wherein the constraining ring is 
20 substantially co-extensive with the interface between the insert and the impeller body. 

7. An impeller for a turbocharger, substantially as described with reference 
to, or as shown in, either of the drawings. 
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ABSTRACT 

TURBOCHARGER 

A turbocharger has a shaft (2) formed of a strong material such as steel and an 
impeller (1) formed of a relatively weaker material such as aluminium alloy mounted on 
the shaft by means of an internally-threaded insert (3), for example also of steel, interfer- 
ence fitted into the impeller. A constraining ring (14) of a material having a lower coeffi- 
cient of thermal expansion than the material of the impeller and surrounding at least a 
part of that axial length of the impeller which overlies the insert. 
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